Colloidal  Behavior  of 
Engineered  NPs  in 
Environmental  Matrices 


Dr.  Mark  Chappell 
U.S.  Army  Engineer 
Research  &  Development 
Center 

Vicksburg,  MS 


Form  Approved 
OMB  No.  0704-0188 


Report  Documentation  Page 


Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 


1.  REPORT  DATE 

28  MAR  2011 

2.  REPORT  TYPE 

3.  DATES  COVERED 

00-00-2011  to  00-00-2011 

4.  TITLE  AND  SUBTITLE 

Colloidal  Behavior  of  Engineered  NPs  in  Environmental  Matrices 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS (ES) 

U.S.  Army  Engineer  Research  and  Development  Center, Environmental 
Laboratory, 3909  Halls  Ferry  Road, Vicksburg, MS, 39180-6199 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS  (ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

Presented  at  the  2011  DoD  Environmental  Monitoring  &  Data  Quality  Workshop  (EMDQ  2011),  28  Mar  ? 
1  Apr,  Arlington,  VA. 


14.  ABSTRACT 


15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

18.  NUMBER 
OF  PAGES 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Same  as 
Report  (SAR) 

21 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Environmental  fate  of  NPs 


Solid-phase  conundrum 


It  is  a  constant  point  of  difficulty  in  all  solid 
phase  systems  that  surface  behavior  is  linked  to 
the  dispersion  state  of  the  particles. 

When  dispersed,  particles  have  high  surface  area  and 
maximum  interface  for  reaction. 

Yet,  this  is  an  energetically  unstable  condition. 
Flocculation  reduces  surface  tension  (predominant 
state). 

Thus,  particles  are  in  a  continual  state  of  flux. 


A  common  misconception 


A  common 
misconception  in  NP 
experiments  is  that  the 
suspension  remains 
stable. 

This  is  rarely  the  case 
under  the  most  optimal 
conditions. 
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Electrostatics 
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Dispersions  of  this  kind 
have  short-term  stability 
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Surface  complexation 
modeling 


Site 

Log  K1 

1 

-7.683 

2 

-12.441 

Log  K2  LogC 


-0.247 


-5.011  1.189 


7.11 


Buffering  function 


0) 

>  : 

|  §5 

”  o  : 
a)  J 


Q  “0 


iw 


Fe  oxide 
^modeled 


3456789  10 

pH 


0.15 

i  o.i 

in 

£10.05 

•a 
o 

TO 


Titration 

>*♦♦♦ 


♦  ♦♦ 


0 

3  4  5 


6  7 

DH 


2000 
looo 
1^0 


8  9  10 

Modeled  surface  charge 


■1^)0  3 


4  5 


3 

CO 


6  7  8  9  10 

pH 


NP-DLVO  modeling 


Nanoparticles 

#)  Silver  Citrate 

Alumina 

Electrolyte 
#  NaCI 

CaS04 

Na2S04 

CaCI2 

[7]  Uniform  Particle  Size 

Particle  radius  (nm)  Q  100 

Temperature  (-C)  -  Q  20 

Concentration  of  Electrolyte  (M)  Q  0.001 

Potential  barrier  height  Umax  =  650  kT 

Stability  Ratio  vs.  Electrolyte  Concentration 


•  We  are  developing  a  software  package  for  predicting  environmental 
risk  of  NPs  —  NanoExpert  (Steevens  presentation) 

•  NP  dispersion  behavior:  Mathematic  Demonstration  project  using 
NP-DLVO 
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Sterics 


Particles  are  stabilized  by 
“crowding”  of  polymers  on  the 
particle  surface. 

This  represents  the  most  stable 
form  of  dispersion,  and  is 
commonly  used  for 
nanomaterials. 

Steric  stabilization  usually  occurs 
through  addition  of  polymers, 
either  through  covalent  bonding 
(e.g.,  PVP)  or  sorbed  onto  the 
surface,  such  as  using  a 
multifunctional  surfactant. 
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Consequences  of  stable 

dispersion 
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Polydispersity 
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Wetting/drying  cycles 


•  Sorption  can  modify  the 
NP  “internally,”  thus, 
possibly  modifying  both 
the  surface  and  the 
dispersion  state. 

•  This  swelling  appears 
associated  with  stabilizing 
dispersions  (e.g.,  has 
been  observed  in  clays) 
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For  natural  environments: 
Humic  interactions 


•  In  the  scientific  literature,  humics  are 
attributed  with  three  predominant  behaviors 
with  respect  to  contaminants: 

•  Chelating  agents 

•  Surfactants 

•  Non-specific  polymer  interactions  (e.g., 
sorption)  -  mostly  polymeric  saccharides 
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Chelators 


AgOH(s)  =  Ag*  +  01+ 
Ksp  =  (Ag+)  (OH-) 


•  If  a  molecule  forms  a  strong  complex  with  Ag+,  then  the 
Ag(OH)(s)  cannot  “sense”  it,  therefore,  “increases”  Ksp. 

•  The  ability  of  humics  to  chelate  heavy  metals  has  been 
thoroughly  in  the  scientific  literature.  Thus,  humics  present 
a  risk  of  increasing  nano  material  dissolution  for  metallic 
species. 
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Surfactants 


Oww\ 

Hydrophile  Lipophile 

•  These  molecules  are  great  for  dispersing  solids 
(e.g.,  detergents). 

•  Yet,  linear  separation  is  not  necessary.  Humics 
have  been  shown  to  demonstrate  surfactant 
behavior,  although  resolving  their  CMC  is  difficult 
because  of  the  heterogenous  structure. 


13 


Typical  humic  structures 


Two  types  of  humics: 
pyrogenic  and 
biogenic. 

Actual  surfactive  and 
chelating  behavior 
varies  greatly  with 
structure  (and 
“availability”  of 
functional  groups)  and 
compatibility  of  these 
groups  with  nano¬ 
material  of  interest. 
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Typical  measurements  of  NPs 

in  suspension 

•  Particle  size  and  size  homogeneity  - 
dynamic  light  scattering  (DLS) 

•  Suspension  concentration  -  optical  density 
measurements 

•  Dissolution  products:  ISEs, 
ultracentrifugation,  field  flow  fractionation 

•  Polymer  sorption  -  difference  between 
added  and  equilibrium  concentrations 
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Nano-Ag  -  chelators 
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Nano-Ag  -  surfactants 
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Sorbed  surfactant  Mean  particle 

(mg  kg’  x  10'1)  Polydispersivity  diameter  (nm) 


CNT  interaction  with 
surfactants 
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Polydispersivity  Mean  particle  diameter  (nm) 


CNT  with  humics 
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Summary  &  Conclusions 

•  NP  behavior  generally  follows  colloidal 
chemistry,  showing  sophistication  in  dispersion 
behavior,  with  potential  dissolution  and 
crystalline  swelling. 

•  IMPORTANT  PROBLEM:  The  regulatory 
requirements  often  exceeds  current  level  of 
information  for  colloidal  systems. 

•  Small  size  and  potential  reactivity  require 
additional  questions/technologies  not  yet 
applied  to  satisfy  regulations  on  environmental 
fate. 
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